A versatile stroboscopic technique based on active phase-locking of a surface acoustic 12 wave to picosecond laser pulses is used to monitor dynamic acoustoelectric effects. 
44
We study the emission of these QPs and the lateral QW 8 by conventional low temper-45 ature (T ∼ 10 K) µ-PL. Carriers are photogenerated in the GaAs bulk using a diode laser 46 emitting τ laser 100 ps long pulses at λ = 661 nm focused to a ∼ 3 µm spot using a 50× 47 microscope objective. The signal is collected via the same lens and detected using a 0.5 48 m imaging grating monochromator and a highly sensitive, liquid nitrogen cooled, Si CCD 49 camera. The excitation laser can be triggered either by an internal clock or using an external 50 signal used for synchronization with the RF signal applied to the IDTs to generate a SAW.
51
In the experiments presented here, the SAW is applied in pulses (on/off duty cycle 1:9, 52 f rep ∼ 100 kHz). As shown in Fig. 1 for the solid black and red (gray) laser pulses in Fig. 1 (b) . Thus, for a sufficiently fast 58 radiative process with a PL decay time constant τ PL · f SAW < 1/2, we are able to obtain full 59 phase information. Moreover, simply by choosing an arbitrary phase relation [dashed laser 60 pulses in Fig. 1 (b) ], phase-averaged spectra are recorded.
61
To study the phase and thus temporal resolution of this technique, we start by investigat-
ing the dynamic quenching of the matrix QW PL for different f SAW 7 . We actively lock the 64 laser pulses to the SAW by setting n = 3, 7, 13 for f 1 , f 2 and f 3 , respectively. To achieve 65 comparable experimental conditions, we applied RF powers for which a similar suppression 66 of the PL was observed for these frequencies. As we tune φ, [c.f. We also applied the technique to QPs to monitor the dynamic sequential carrier injec- and the two non-degenerate hole levels 10 at the two ends of the QP [c.f. Fig. 1 (a) ]. We 90 performed full SAW phase scans at the two characteristic power levels marked in Fig. 3 91 (a): P 1 = −1 dBm is close to the onset of charge conveyance and the emission spectra is Fig. 4 (a) ].
113
As can be seen from both experimental data (symbols) and the fits (lines), at both power 
